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Title  cf  Project:  Research  on  Calcification  in  Molluscs 

; actives  s Correlation  of  the  structure  of  the  mantle  and  the 
perio3t’-acum  under  normal  growth  conditions  and  experimental  situations  to  ascer- 
tain more  precise  information  on  the  elaboration  of  this  protein  matrix;  tests  for 
various  components  of  the  mantle  and  periostr»eum,  an  attempt,  to  ascertain  inter- 
relations between  structir-pl  comuosition  of  the  mantle,  prrlostrocum,  and  the 
mineralization  cf  this  structure  by  the  use  of  isotopes  and  histochemicol  tests. 


Summary  of  Results:  July  j . 1953  - January  30,  1954 

I , Electron  Microscopy 

During  the  past  several  months  spccimines  of  the  organic  matrix  of  the  mollusc 
shell  have  ^ren  prepared,  sectioned  and  photographed  with  the  electron  microscope. 
This  operation  required  a considerable  amount  of  preliminary  exploration  in  tech- 
nical methods  before  satisfactory  preparations  could  bp  obtained.  The  material 
examined  consisted  of  a number  of  diverse-  species  and  several  developmental  stages 
of  this  tissue. 
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The  matrix  or  prriostrrcum  of  th-  nollbrc  6hcll  appears  a t high  magnification 
to  he  composed  of  a fibrous  materiel  (schlaroprotein)  which  is  lacking  in  any  Char- 
acteristic structural  fe?>turr3  such  the  periodicity  observed  in  collagen  fibers.  » 

A study  of  this  tissue  shows  that  each  different  species  thus  far  examined  has 
a unique  structural  pattern.  For  exaryple,  the  arrangement  of  the  prriostracum  of 
Venus  merceneria  is  obviously  different  and  characteristic  when  compared  with  a 
member  of  the  rytiius  family,  auc’n  r-8  Mvtilis  edulis  which  is  also  characteristic 
of  this  particular  species.  It  would  appear  fron  Our  studies  as  far  as  they  hnvo 
been  carried,  thet  different  species  of  molluscs  exhibit  characteristic  specificity 
in  regard  to  the  structure  of  the  periostracum , e finding  which  may  be  utilizod  in 
texenor.ic  studies  in  the  future.  Further,  r parallelism  exists  between  the  specific 
differences  exhibited  in  the  structure  of  the  periostrecur  and  the  observed  differ- 
ences in  the  structure  of  collagen  fibrils  which  have  ^ern  examined  in  a wide 
variety  of  animals. 

ll . Free  Amino  Acid  Determinations  of  Mollusc  Tissues; 

Our  interest  in  the  protein  component  of  calcifying  and  calcifying  tissues 

# 

prompted  us  to  undertake  nn  analysis  of  the  free  amino  ^cid  comnosition  of  several 
mol1 use  tissues  and  organs.  This  study  was  carried  out  by  means  of  two- 
dimensional  paper  chromatography.  Some  of  the  results  obtained  in  this  study  ere 
shown  in  the  following  tabic! 
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Comparing  the  verioiis  organs  and  tissues  in  regard  to  free  nmino  acid  conpo- 

i 

fiition,  the  date  show  r relatively  large  number  of  rrino  acids  to  be  present  in 
the  mollusc  muscle,  relatively  few  in  the  gill,  rrntlr  end  hepoto-poncrees , end 
only  three  cr  four  in  the  periostrocur . Tho  number  of  free  nrinc  ocids  present  in 
the  periostr^cur  ore  much  fewer  in  number  then  the  observed  onino  "cids  detected 
following  hydro lysis. 


Ill . Comparison  of  seme  fret  or  s observed  during  normal  growth,  repair  find 
regeneration : 

In  nil  three  varieties  of  shell  construction  the  basic  mechanism  for  elabo- 
ration of  shell  is  similar.  It  consists  of  the  elaboration  of  o protein  matrix 
n mineral iz°t Lon  of  this  substance. 

During  normal  growth,  e protein  matrix  is  elaborated  by  the  free  mantle  sur- 
face end  p'-Tu  c.f  the  surface  lying  adjacent  to  the  shell.  Both  the  prismatic  nnd 
nacrous  portions  of  the  shell  are  laid  down  end  mineralized  simultaneously. 

•ft adics  concerned  with  the  ropenerr  tion  of  the  shell  w^s  observed  following 
rsmoosl  of  parts  of  the  outer  margin  and  shows  that  shell  does  tend  to  grew  to  its 
original  size  end  shape.  The  regenerated  shell  has  the  composition  °f  the  pris- 
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metis  or  outer  layer.  In  other  words,  the  regenerated  .shell  is  derived  from  those 
pert s of  the  mantle  exclusive  of  the  area  between  the  cuter  end  ipjv.r  fold  of  the 
mantle . 

Repair  phenomena  3tucied  by  neons  of  attaching  glr.se  windows  * -r*-.'s  in  which 

the  shell  rrs  removed  end  nlsc  by  morns  of  the  "mantle -cover  slip  teoim.I quo”  indi- 
cates that  repo ir  in  vrrious  ports  of  the  shell  can  and  docs  take  r>1  ' nr  i + h o rote 
which  depends  upon  environment?!  fretors  nnd  species  differences.  In  repair  of  the  * 
shell , *6  hr v e observed  that  the  chief  source  of  crystrline  material  deposited  is 
derived  from  em.oebocytes . These  cells  ?ppo?r  at  the  Bite  of  injury  (or  irritntion) 
in  large  numbers,  fabricate  minute  crystals,  end  extrude  them  up:n  r 3ubstrate. 

The  crystals  subsequently  form  crlee-sphsrites , regular  or  irregular  crystal  forms 
eventually  repeir  the  damaged  ore?  effectively. 

iV.  Histochemistry: 

In  our  histochemicol  studies  we  have  rttenipted  tc  escertein  histochemicrl 
locotion  nnd  sequence  of  events  as  they  appear  to  b6  releted  tc-  the  formation  of 
the  mineralized  shell. 

Examining  the  source  end  composition  of  the  matrix,  we  hove  observed  the 
fcllc  King:  The  matrix  is  n protein,  roughly  divisible  Into  on  ocidophilic  end  a 

•oscphilic  fraction.  In  the  form? tive  state  ro  observe  in  some  of  the  secreting 
cells  the  simultaneous  occurence  of  phosphatase,  ribonucleic  acid  and  complexes  cf 
acid  and  mucopolysaccharides . In  the  mantle  proper  several  types  cf  glandular 
tissue  is  present.  Those  glands  secrete  different  varieties  cf  mucus.  One  group 
of  these  glands  appears  tc  fab-ricaxe  crystaline  calcium  carbonate.  These  struct 
tores  are  abundant  in  mucoproteins , acid  polysaccharides,  ribonucleic  acid, 


glycogen  and  phosphate,. 

On  the  hnsis  “T  liifcrraption  available  fr -•:*  thr-sc  3t*K’i&Sy-  it  •••nr,.-;- as  thrt  one 
common  factor  -observed  In  connection  with  niiiere-i?'«iion  is  the  i.roscn.jc  cf  n 
protein-polysaccharide  complex.  Whether  the  pc iysr o^harideft  nre  the.  calcium  target, 
wv'int 'ilailip  With  ColciiiTi  icnS  C'S  hr  n tofij  au^^C3tp^  in  the  mfemmfll  flWeits  further 

study. 

In  connection  with  our  observations  relating  tc  crystrl  formation  we  have 
observed  that  crystals  ore  fabricated  in  the  glands  cf  thr  mantle,  in  the  amoebc- 
cyt«3  and  in  ether  regions.  Parts  of  thr  eerJ.ostreev.m  are  i"'ed  .f”om  the  mucus 
glands  and  when  this  material  is  oyt-vd.i  ’ on  she  r;ion*le  surface  it  contains  calcium 
carbonate  parti c es.  The  other  portions  of  the  pe  ries  tr;  cum  which  are  derived  in 
the  outer  fold  of  the  mantle  may  also  have  minute  mineral  particles  embedded  in  it  as 
as  it  Is  secreted. 

The  initial  situation  .fust  described,  however,  does  do  obtain  for  long.  We 
have  observed  in  normal  and  experimental  conditions  that  "crystal  rrcv'th"  occurs 
in  the  animals1  environment.  That  is,  in  on  aouocus  media,  in  contact  with  the 
mantle  tissues.  Whether  the  initial  mechanism  responsible  for  producing  the  almost 

a um  i ercsoeyvlc  calcium  carbonate  parti  3 U t.  which  '■'•ice  -n  the  mantle  ere  subject 
to  'he  same  metabolic  events  mz  the  growing  crystal  which  is  embed dod  in  the  matrix 
suVecT.pd  to  frej’h  or  fop  r-.trr  in  contact  ’ ith  the  mantle  tissues  can  only  be 
speculated  uoon  at  this  ifs.ro-  We  have  r’-foms  ’ that  the  nature  of  the  substrate 
up  or;  which  cry?  te  1 fruit'll  takes  place  does  influence  v'cfh  size  > shame  and  regu- 
larity of  the  crystals. 


Pirns  for  Immediate  F-jv.rrr : 

At  present  me  are  continuing  ovr  rrl.-.+.i.v:  '■*-  3e--*r::l  hi  a vecf- cm  .ice  1 

features  of  the  mantle  r«nd  prrimstrr. cor.  T i ;:r'*  It  the  '-r.Xn  ir  trying 

tr  ascertain  more  precisely  the  net. we  cf  4.!v  o'- r.t -- 1 crr.r^tn'urts  by  r -rns  of 
fractionation,  ensymr  tic  end  ether  ohemiocl  nc L'-.oc’s. 

During  the  summer  months  of  19?4»  further  ryp'irr  tory  and  confirm”  tive 
studies  rre  pirnned.  In  edition  to  further  h i e t e chemi ce  1 evaluations . re  are 
ccr.iii'V-’ier  additional  isotope- trace  stud? •* 3 in  m r.X e.cmnt  to  get  * more  accurate 
corse i c of  the  role  of  thr  po3 ysr Ov. he ••  a in  the  r-  3 of  c*  loir  4 eat Ion. 
further  plan  to  study  the  onoehooyv.a  ic  n single  .toil  rhinh  h-  s the  exility  to 
elaborate  , transport  and  give  up  car  hen  t«*  y-crticles,,  ^e  rrc  also  rlrnn.’  w tr 
extend  our  experimental  studies  on  regor.rre-cir.n  rnd  rempir. 

Long  Range  Program: 

The  projection  of  a lens'  term  nrorram  dealing  rith  the  problem  of  onlci^i- 
cation  in  invertebrates  rill  of  necessity  ns  the  ’-•roblem  unfolds  encroach  unen  a 
number  of  related  fields  of  investigation  an"  involve  the  need  fer  diverse  methods 
of  attack. 

x-ioat  a .judicious  knowledge  and  use  of  various  forms  have  and  rill  aid  in 
t .lie  study.  The  development  of  evperiraontal  methods  like,  those  used  in  our 
rc  'deration  and  ’’cover  glass  culture"  methods  arc  else  necessary  to  further  this 
roru.  Further,  studies  ere  needed  to  trace  the  intake  of  metabolites,  tc  follom 
and  ascertain  their  role  in  the  elaboration  of  ^rctein  and  miner”!  components  of 
the  shell.  At  the  moment,  a promising  npmrorcb  to  this  study  appears  to  be  in 
the  utilisation  of  the  mollu3can  amoehecytes  since  these  cells  elaborate  calcium 


y 


cprbeiv t<?  crysto  tu.  This  rculf  inv'n'v'-  the  of  r.cr-  *?e2cg*c,.*>  > c hericr 'J 
enzynrtic  tissue  culture  tfchn5.ov.os . The  loo  of  i.r<c  •«;•.  r-v  in  r c r in Uif~  the 
source,  metebo]  isr , tronoiv-t  on'1  srenturl.  o.-..  .*••;  •>:  -•-••••  ’•  o' i «ooL  rouid 

be  n possible  nitf  Vslbeblc  nprrceeh  to  this  York. 

Reprints  rn^  Publications  on  Crlcificr. tfon  in  i’cnli w-;eo . 

1.  Intorrelntions  between  protein  olsborotj on  rnf  crlo5.fi c°tion  in  molluscs. 

Anot.  Rec.,  V.  117  No.  3>  pr.  ;i6.tt-569;  1953- 

2.  Free  r rnino  in  the  poor's,  lobster  r-  of  clem.  A not Rr-e.,  117,  No.  3, 

pp.  £35-636,  1953. 

3.  In  proportion: 

(1)  A histcchemicol  stufy  of  the  mrntle  rith  s^eciel  reference  to  cslcifi- 
cotion. 

(2)  Electron  microscope  studios  of  the  mrtriy  of  the  m.olluscrn  shell. 


